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ABSTRACT 



^ ■ Aims. The purpose of this study is to explore the relationship between galaxy stellar masses, based on multiwavelength photometry spectral 
k> template fitting and dynamical masses based on published velocity dispersion measurements, for a sample of 48 early-type galaxies at z ~ 1 
. with HSTI ACS morphological information. 

d ' Methods. We determine photometric-stellar masses and perform a quantitative morphological analysis of cluster and field galaxies at 
redshift 0.6 < z < 1.2, using ground- and space-based multiwavelegth data available on the GOODS-S field and on the field around the 
X-ray luminous cluster RDCS 1252.9-2927 at z = 1.24. We use multi-band photometry over 0.4-8yum from HSTI ACS, VL77ISAAC and 
Sp/fzer/IRAC to estimate photometric-stellar masses using Composite Stellar Population (CSP) templates computed with PEGASE.2 (Fioc 
& Rocca-Volmerange, 1997) models. We compare stellar masses with those obtained using CSPs built with Bruzual & Chariot (2003; BC03) 
and Maraston (2005; M05) models. We then compare photometric-stellar mass and dynamical mass estimates as a function of morphological 
parameters obtained from HSTI ACS imaging. 

Results. Based on our sample, which spans the mass range logM p ; M , ^ [10, 11.5], we find that 1) PEGASE.2, BC03, M05 yield consistent 
photometric-stellar masses for early-type galaxies at z ~ 1 with a small scatter (0.15 dex rms); 2) adopting a Kroupa IMF, photometric-stellar 
masses match dynamical mass estimates for early-type galaxies with an average offset of 0.27 dex; 3) assuming a costant IMF, increasing 
dark matter fraction with the increasing galaxy mass can explain the observed trend; 4) we observe that early-type galaxies with signif- 
icant disk components (Sa/Sab) or with signs of dynamical interaction tend to have the largest deviation from a one-to-one M iyn vsM pho , relation. 



Key words, galaxies: clusters: individual: RDCS J1252-2927 - galaxies: evolution - galaxies: formation - galaxies: elliptical and lenticular, 
cD - galaxies: kinematics and dynamics - cosmology: observations. 
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1. Introduction 

Galaxy surveys have traditionally built samples based on the 
luminosities of galaxies, and have used luminosity functions 
to study the evolution of the galaxy population. The need 
to select galaxies on the basis of their (stellar or possibly 
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total) mass and to trace the evolution of the space density 
of galaxies in mass bins has long been advocated. In such a 
way, one can reconstruct the build-up of galaxy mass across 
cosmic time and directly compare observations to predictions 
of currently favored hierarchical structure formation models. 
The evolution of the galaxy luminosity function is generally 
affected in a complex fashion by all the physical processes 
which modulate the star formation history of galaxies, whereas 
the mass function evolves in a smoother way and is a di- 
rect p r obe of galaxy formation m odels (e.g.. | Bau gh et al. 
(l2003b.lHernauist & Springel fe003USomerville et alJ fe004 . 
Nagamin e et al J J2004h . iDe Lucia et alJll2005l) '). This has moti- 
vated many authors during the last decade to carry out surveys 
by se lecting galaxie s at ne a r-infrared res t - frame wavelen gths 
Songaila et al j il9 94). Co hen et alJ dl999h . iDrorv et alJ 
r Tcimatti et alJ ( 120021) '). since the rest- frame near-IR 
light i s closely related to the total mass (e.g., iGavazzi et alJ 
(ll996l) Y 

More recently, the efficiency with which multi-wavelength 
photometry can be collected from ground-based and space- 
based observatories has enabled the measurement of stellar 
masses by fitting widely-sampled spectral energy distri- 
butions (SED) of galaxies with spectrum synthesis mod- 




els (e.g.. IBrinchmann & Ellis (200C 


I). IColeetalJ 12001). 


Papovich et al. 


(2001), Shaolev et al 




2001), Dickinson et al. 


(2003), Fontanaetal. 


d2003h. 


Rudnick et alJ 0003). 


Fontana et al. 


(2004), 


Drorv et al. 


( 


2004a). Saracco et alJ 


(2004), Rocca-Volmerange et al. (2004)). In parallel, consid- 



erable efforts have been devoted to measuring the evolution 
of the mass-to-light ratio of galaxi es out to z ~ 1, vi a 
Fundamental Plane studies (FP, iDiorgovski & Davisl {l987), 
Dressier! (119871)) at different environmenta l densities (e.g. 

Ivan Dokkum & Franx l \ 19961). iBusarello et alJ 
JotmetalJ Jl998l). lTreuetal.1 d200ll)7 
iGebhardt etafl J2003h. iTreu et alJ J2005h . Ivan der Wei et all 
J2005I) . IdiSerego Alighieri et alJ J2005I) '). These studies have 
provided increasing evidence that galaxy mass plays a critical 
role in driving galaxy evolution. While it has become common 
to derive stellar masses from multi-wavelength surveys via 
SED fitting methods (the so called photometric-stellar masses), 
it remains important to test the reliability of this methodology 
which relies heavily on stellar population spectrum synthesis 
models. 

Moreover, by comparing dynamical and photometric-stellar 
masses one can investigate the relevance of the dark matter 
componen t of early-type galaxies as a function of the total 
mass (e.g..lNapolitano et alJJ2005l) '). 
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(2004b) have performed such a comparison for a 
large sample of local galaxies in the SDSS II York et al.l l2000) 
spanning a large mass range, 8 < log(M p h ,/M Q ) < 12. In 
this paper, we extend their study to higher redshifts, inevitably 
focusing on massive s ystems with M p i wt > 10 10 M G . For these 
galaxies, IDrorv et alJ {2004b) find a good match between the 

photometric-stellar mass, M p i lot , and a quantity M c [ yn oc 
although with a substanti al scatter around the line of equality. 
In a similar study, iLintott et alJ J2005t) have compared dy- 
namical and photometric-stellar masses within the effective 



radii of a sample of local massive (M p i m , > 8 • 10 10 M Q ) 
early-type galaxies also selected from the SDSS. They find 
Mdy„ oc M^ ol , suggesting that dark matter might become 
increasingly important in massive galaxies. 
Cappella ri et alJ {2005) have studied the correlation between 
the dynamical M/L from virial and Schwarzschild modeling 
and the photometric-stellar mass (all of them within the effec- 
tive radius) for a sample of early-type galaxies at z ~ 0, with 
high S I N integral field s pectroscopy. They use lVazdekis et all 
( 1996), Vazdekis ( 1999) stellar synthesis models and assume 
alKroupa (2001) IMF to compute photometric-stellar masses. 
They find the adoption of a Salpeter IMF to provide unphysical 
results, as a number of galaxies would have M p i m , > M,; v „ 
and note that ~ 30% dark matter within the effective radius 
and/or IMF variations are needed to explain the discrepancies 
between the two mass estimators. This is consistent with earlier 
finding s at z ~ from dyna mical studies (e.g.. lGerhard et all 
J200lh . lThomasetalllE0 05)) and at z ~ 1 fro m gravitational 
lensing (e.g., Treu & Koopmans (2004), Rusin & Kochanek 

fcoosln . 

Using total masses derived from gravitational lensin g study of 
a samp le of 0.3 < z < 1.0 early-type galaxies. iFerreras et all 
(2005) note a transition from little or no dark matter in the 
inner regions (within the effective radius) to dark matter 
dominating in the outer regions in the massive early-type 
galaxies, whereas no such a trend is observed in lower mass 
galaxies. 

On a sample of 17 e arly-ty pe galaxies at z ~ 1 
Idi Serego Alighieri et alJ J2005t) find a good agreement 
between the two mass estimators for the high mass galaxies, 
but most of their lower mass galaxies have stellar masses larger 
than the dynamical ones. 

Here, we significantly extend their work z) by using a sample 
almost a factor of 3 bigger, ii) by measuring in a homogeneous 
fashion structural parameters for the entire galaxy sample 
using deep HST/ACS data, and Hi) by including rest-frame 
near-infrared photometry to estimate photometric-stellar 
masses. With the availability of Spitzer/IRAC (InfraRed Array 
Camera) data jFazio et alJl2004l) . one can access the critical 
restframe near IR-domain at z - 1-2, thus enabling a 
more accurate determination of photometric-stellar masses 
at redshifts where a signific ant fraction of th e stellar mass is 
being assembled (e.g., Dickins on et alJ (12003)). 
This paper is organized as follows. In Sect. 2 we describe the 
sample selection; in Sect. 3 we present the dataset and describe 
the data analysis; in Sect. 4 we describe the morphological 
analysis based on HST/ACS images; in Sect. 5 we account 
for our method of deriving photometric-stellar masses for 
different spectrum synthesis models and discuss the results of 
their comparison; in Sect. 6 we derive dynamical masses and 
discuss their comparison with photometric-stellar estimates in 
sect. 7. And finally in Sect. 8 we summarize the results. 



We assume a Qa _ 0.73, O m = 0.27 a nd H () = 71 km ■ s _1 • 
Mpc 1 flat universe ( Sperge l et alJl2003l) . and use magnitudes 
in the AB system throughout this work. 
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Fig. 1. Top panel: The galaxy redshift distribution of the whole 
sample, consisting of 48 galaxies (black line), is compared with 
the distribution of each sub-sample over-plotted in red, blue 
and green for vdW05, dSA05 and Hol05, respectively. Bottom 
panel: galaxy redshift distribution divided by morphological 
classes, 42 early-types (E/SO) (red) and 6 bulge-dominated spi- 
rals (Sa/Sab)(blue). Images of these 6 early-type spiral galaxies 
are shown in Fig. [2] 



2. Sample selection 

This work is based on imaging data from two fields which 
have extensive multiwavelength coverage over 0.4 - 8^m 
from a combination of high-quality deep imaging with 
HSTI ACS (Advanced Camera for Surveys), VL77ISAAC, and 
Spitzer/IRAC: the Gre at Observatories Origi n Deep Survey, 
GOODS-South field dGiavalisco et alJ l2004 and the field 
around the c luster RDCS 1252 9-2927 at z = 1.24 (here- 
after C11252; Ros ati et alJl200 41 In addition, accurate veloc- 
ity dispersions of mostly early-type galaxies at z ~ 1 have 
been published from studies of the Fu ndamental Pl ane in 
these two fields (Ivan der Wei et al.ll2005L l5olden et alJl2005l 



Idi Serego Alighieri et alJl2005l) . using deep VL77FORS2 spec- 
troscopy. Therefore, this data set provides a sample of distant 
galaxies spanning an adequate mass range, with high-quality 
morphological information, which is very well suited for a 
comparison of stellar-photometric masses with dynamical es- 
timates. 

Specifically, we selected 

- 27 1 and 9 galaxies in th e CDFS and CL1252 fiel ds respec- 
tively from the work of Ivan der Wei et all d2005l hereafter 
vdW05), 

- 8 CDFS galaxies from Idi Serego Alighieri et all d2005l 
hereafter dSA05), 

- 4 clus ter member galaxies of C11252 from iHolden et all 
J2005I hereafter Hol05). 

These targets were either color- (vdW05, Hol05) or 
spectroscopically- (dSA05) selected as early-type galax- 
ies spanning a redshift range 0.62 < z < 1.24 (see Figure 0. 
As is customary in FP studies, velocity dispersions were 
measured in a normalized circular aperture with a diameter of 
2Rj — 1.19h -1 kpc, equivale nt to 3.4" at the distan ce of the 
Coma cluster, as described bv l.Torgensen et alJ j 1995b . 

Hence, our final sample consists of 48 galaxies with 
< z >— 1, with accurate velocity dispersions derived from 
VL7YFORS2 spectroscopy. The reader is referred to the afore- 
mentioned papers for object selection and coordinates and 
for a detailed description of the <x measurements. Galaxies 
in this sample have H absolute rest-frame magnitudes in the 
range -21.6 < Mh < -24.67, and rest-frame U — V colors 
1.35 <U-V < 1.99. 



3. Cataloging and Data Analysis 

In order to accurately study both the morphology and the SED 
of our galaxy sample at z ~ 1, a deep and homogeneous multi- 
wavelength dataset is needed. 

The availability for both fields of deep HSTI ACS imaging gives 
access to high quality galaxy morphologies and makes this 
dataset ideal for performing a reliable quantitative analysis. 
In order to obtain the morphological parameters in the rest- 
frame B-band (often used as a reference framework for mor- 
phological studies), we have used deep HSTI 'ACS images taken 
with the F850LP filter for both fields. We expect the morpho- 
logical k-correction, from restframe V- (for the lower redshift 
galaxies of our sample) to B-band, on the derived scale pa- 
rameters to be smal l, in particular for e arly-type galaxies (e.g. 
iBohliti et alJ ill 99 lb. iGiavalisco et alJ Jl996h . iKuchinski et alJ 
ll2000h . lPapovich et alJ ll2003h . 

To build SEDs of galaxies of the GOODS-S field, we 
have used optica l HSTI 'ACS (B F435W , V F606 w, hisw, z F &50i P ) 
(Giavalis coetall |2004), VLTIIS AAC near infrared (J,K S ) 



1 The vdW05 and dSA05 samples have two sources in common in 
the CDFS with slightly different published measurements of <r . In 
this work, we adopt the values published in dSA05 as the spectro- 
scopic data were also in hand. 
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(Vandame et al, in prep.) and Spitzer/IRAC (3.6pm, 4.5pm, 
5.8pm, 8.0pm) photometry (Dickinson et al., in prep.) which 
is publicly available through the GOODS collaboration 2 . 
For field and cluster galaxies in the CI 1252 field, we have 
used ground-based optical VLT/FOR S2 (B, V, R), space - 
based optical HST/ ACS (iFn5w,ZF$50in )(Blakeskeita!]2003), 
near infrared VLT/ISAAC (J S ,K S ) (Lidman et alJ l2004 and 
Spitzer/IRAC (3.6pm, 4.5pm) photometry (Stanford et al.,in 
prep.). 

Accurate PSF-matched photometry, i.e. photometric mea- 
surements normalized to the same aperture and angular resolu- 
tion, is essential to build unbiased galaxy SEDs. To account for 
the large variations of the PSF throughout our dataset (from 
0.1" FWHM of HST/ ACS to ~ 2" of Spitzer/IRAC), we 
first perform photometry in 3" diameter apertures in each pass- 
band, we then apply aperture corrections out to 7" radius. The 
latter are derived from a growth curve analysis of point-like 
sources (identified in the ACS images) in each passband. This 
approach is preferable to the one of smoothing all images to the 
worst angular resolution which can result in significant source 
blending. We note that the adopted aperture corrections out to 
a radius of 7" allow more than 95% of the galaxy light to be 
recovered. 



4. HST/ ACS morphologies of z ~ 1 early-type 
galaxies 

A description of the surface brightness (SB) distribution of 
early-t y pe ga laxies is provided by the 'Sersic R 1 ^' profile 
ISersid {l968), with more luminous galaxies having larger 
Sersic indices n, i.e., s t eeper light d istributio n towards the 
cente r JCaon etaljf 19931 iD'Onofrio etaill 19941 iGraham et aD 
1996). We have used GIM2D, a fitting algorithm for parame- 
terized two-dimensional model ling of SB distribution ( Simard 
1998, Marleau & Simard 1998) to fit each galax y light distri- 
bution of our entire sample with a lSersid dl968l) profile of the 
form: 



1(f) = l en ■ 10 



-M(/7«„,)""-i] 



(1) 



where b„ = 1.99« - 0.33 JCar>acciolill 989). and R e n is the ef- 
fective radius (i.e., the projected radius enclosing half of the 
light). The classical de Vaucouleurs profile thus simply corre- 
sponds to n — 4 and b„ = 7.67 in eq.(l). 

In this work, we allow n to span the range between and 5, and 
the best-fitting parameters n and R e n are used both to describe 
the scale-lengths of the galaxies and to interpret their dynami- 
cal properties, as discussed in Section 6. 

Derived values of n and R e „ for galaxies in our sample are 
reported in Table 1 . We note that even allowing the Sersic in- 
dex to range out to n=8 the derived n are then found well below 
n=5.8. 

We model each galaxy central PSF component with analytic 
functions derived from visually selected stars in the surround- 
ing (30" X 30") region of each galaxy. A 2D radial multi- 
gaussian function has been fitted to tens of selected stars around 



■ 




Fig. 2. Color (B, V, i,z) images (5" across) of visually clas- 
sified (Sa/Sab) early-type-spiral galaxies. The morphological 
analysis reveals the presence of an underlying stellar disk 
and/or a clear spiral-arm pattern for these sources. Shortened 
labels indicate objects CDFS-17, CDFS-24, CDFS-26, CDFS- 
28, CDFS-571 and CL1252-4 in our catalogue. Note that the 
set of color we use for CL4 is a different one (B,z,Ks). We 
point out that the green crescent in CL4 is possibly a morpho- 
logically disturbed spiral arm. 
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Fig. 3. Left: ACS z&soip image of the central bright cluster 
galaxies (BCGs) of the X-ray luminous cluster CL1252 at 
z — 1 .24. Right: Best-fit Sersic-model-subtracted image of the 
same region of CL1252 which reveals signs of interaction in the 
form of an S-shaped residual linking the two galaxy centers. 



See http://www.stsci.edu/science/goods/ 
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Fig. 4. The correlation of the Sersic index, n, with the U—I rest- 
frame color (AB magnitudes). Filled red stars symbols indicate 
the bulgy-spirals subsample (see Fig. |2). Filled red squares 
indicate CL4419 and CZ4420, the pair of BCGs of the cluster 
CL1252 at z — 1.24 showing evidence of mutual dynamical 
interaction (see also Fig. [3j. 



each galaxy and outputs have been stacked together to pro- 
vide an appropriate PSF image (for each galaxy) to be con- 
volved to the galaxy best-fit 2D model to better reproduce 
each observed galaxy light profile. In this way, we also ac- 
count for PSF variations over the ACS field. More details of 
our approach to modelling HST/ACS galaxy morphologies in 
the 1.0 < z < 1.5 range will be given elsewhere (Rettura et al., 
in preparation). The reliability and the accuracy of the morpho- 
logical analysis from GOODS ACS data in the range of magni- 
tu des and sizes probed by ou r sample is extensively discussed 
in lRavindranath et alJ l l2006l) . 

In addition, as the sample we use was mainly spectroscopically 
and color selected, a visual analysis has also been performed 
to define a visual morphological classification. We identified 
37 ellipticals (E), 5 lenticulars (SO) and 6 bulge-dominated 
spirals (Sa/Sab; see bottom panel of Fig. 0. Images of the 6 
early-type-spiral galaxies are shown in Fig.|2] We also note that 
CL1252-4419 and CL1252-4420 are the central Bright Cluster 
Galaxies (BCGs) of C L1252 and are thought to be in mutual 
dynamical interaction (Blak eslee et al.l2003l) . As shown in Fig. 
[3] the subtraction of our Sersic 2D-models for these two galax- 
ies reveals evidence of such an interaction, in the form of an 
S-shaped residual that links the two galaxy centers. As shown 
in Fig. |4] we also find that n < 3 systems tend to have bluer 
U—I rest-frame colors resulting in a bimodal distribution which 
is similar to what has be en found shown by several authors (e.g. 
iKauffmaim et al.ld2003h l. 
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Fig. 5. SEDs of an early type galaxies at z ~ 1 in each of 
our fields. The red open circles, with corresponding error bars, 
are observed flux densities in the HST/ACS (Bf435w, Vf606w> 
i-nsw, ZF&5oi P ),VLTflSAAC (J,K S ) and Spitzer/IRAC (3.6pm, 
4.5pm, 5.8yum, 8.0/im) passbands (top panel) and VL7YFORS2 
(B, V, R), HST/ACS (i 775w , Zpssoip), VLTflSAAC (J 5 ,K S ) and 
Spitzer/IRAC (3. 6pm, 4.5pm) passbands (bottom panel). As an 
illustration, best-fit PEGASE.2 models are also shown (black 
solid line). The best-fit mass and age estimates are reported in 
each panel. Average errors on ages are + 1 Gyr, errors on masses 
are -40% (i.e., 0.15 dex). 

5. Photometric-stellar masses at z ~ l 

5. 1. Stellar mass determination 

We derive stellar masses for each galaxy in our sample using 
multiwavelength matched aperture photometry from 10 and 9 
passbands for the CDFS and CL1252 fields respectively. For 
each galaxy, we compare the observed SED with a set of com- 
posite stellar populations (hereafter, CSP) templates computed 
with PEGASE.2 models dFioc & Rocca-Volmerangell997l) . 
In Figure |5]we show the SEDs of two z ~ 1 early type galax- 
ies of our sample. As an illustration we over-plot the best-fit 
PEGASE.2 models from which the photometric-stellar mass is 
estimated. 

The adopted grid of star formation history (SFH) sce- 
narios has been shown to consistently reproduce observa- 
tions of gala xy counts at z ~ froum U V to optical 
wavelengths ( Fioc & Rocca- Volmerangd E999), and to re- 
sult in reliable photometric redshifts with the code Z-PEG 
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Fig. 6. Each galaxy best-fit model rest-frame //-band (~ 
1.6/on) absolute magnitude, Mh, is plotted against derived 
photometric-stellar mass. The dashed line correspond to a 
straight-line fit to the data (see text). Filled red stars are used to 
indicate the bulge-dominated spirals sub-sample. 

JLe Borgne & Rocca-Volmerangebooil) . We assume a lKrouoal 
(2001) IMF and dust-free model templates. In the template 
SEDs used here, the metallicity evolves consistently with the 
SFH: stars are gradually formed with the same metallicity as 
the ISM, reaching about solar values at the ages of interest in 
this study. We note that the stellar masses computed in this pa- 
per corresponds to the mass locked into stars plus the mass of 
the remnants (white dwarfs, neutron stars, black holes). 

By comparing each observed SED with these atlases 
of synthetic spectra, we construct a 3D x 1 space span- 
ning a wide range of SFHs, ages and stellar masses. We 
ad opted same template parameter s as li sted in Table 1 
of iLe Borgne & Rocca-Volmerangel J2002I) . The age, SFH 
scenario and stellar mass of the model giving the low- 
est x 2 are taken as the best-fit estimates of the galaxy 
luminosity-weighted age, SFH, and galaxy mass in stars. These 
photometric-stellar mass estimates take into account the evolu- 
tion with gala xy age of the mass fractions for each template 
as described in lRocca-V olmeran ge et alJ d2004l) (see also their 
Fig. 3). The range of acceptable ages for a given galaxy has 
been limited by the age of the universe at its observed redshift. 
The errors on the ages and the masses are estimated by sam- 
pling the full probability distribution (i.e. a function of the 3- 
dimension space of free parameters). A 3D confidence region, 
around the measured best-fit values, is set to contain 68.3 % of 
the joint probability distribution of the free parameters. The er- 
rors correspond to the projections of the confidence region for 
3 interesting parameters onto each free parameter axis. This 
procedure results in typical errors of galaxy ages about 1 Gyr 
and typical uncertainties on the mass determination of about 
~ 40% (i.e., 0.15 dex). The derived estimates of photometric- 



stellar masses for each galaxy are summarized in Table 1 . 

It remains well known that the derived stellar masses depend 

on the adopted star formation history. 

We have also investigated the effect of dust extinction on the 
best-fit photometric-stellar masses by including a fourth free 
param eter, 0.0 < E(B - V) < 0.4, following the lCardelli et alJ 
(1989) prescription. By performing the fit on 28 galaxies for 
which IRAC photometry is available in all 4 bands, we find 
that in ~ 40% of the cases E(B - V) = gives the best fit. 
In the remaining cases, masses which are lower by 0.2 + 0.1 
dex are found, with corresponding E(B — V) < 0.2. This test 
supports the validity of the dust-free model assumption, as also 
widely used in the literature for early-type galaxies. 
Many authors have pointed out that the use of the near-IR 
luminosity may allow a more secure determination of stellar 
masses, as IRAC photometry samples the rest-frame near IR- 
domain in this particular redshift range. This corresponds to 
//-band rest-frame wavelengths where the galaxy luminosity is 
dominated by the old stars and so is expected to be strongly cor- 
related with the underlying photometric-stellar mass of early- 
type galaxies. To illustrate this point, we computed the rest- 
frame //-band (~ 1.6/zm) absolute magnitude, Mh, for our 
Z ~ 1 early-type galaxy sample, by applying an //-band fil- 
ter transmission function to each best-fit model. In Figure |6j 
we plot Mh against the derived stellar mass resulting in a tight 
correlation. The dashed line corresponds to a straight-line fit to 
the data that yields: 

log—^- = -((0.47 ± 0.02) • M H + (0.3 + 0.1)) (2) 

5.2. Comparison with other stellar population 
synthesis models 

As stated above, our photometric-stellar masses are derived by 
sampling the entire relevant wavelength domain of stellar light 
emission, from the rest-frame UV through the NIR. However, 
the reliability of sp ectrum sy nthesis models at A t, s ~ 2fim has 
long been debated ( Maraston ( 1998) and references therein). 

In the rest-frame near-IR regime, in early stages of 
the galaxy evolution, a short-duration thermally pul- 
sating (TP-) AGB phase is known to be relevant. The 
PEGASE.2 models we primarily use in our work compute 
isochrones up to the T P-AGB phase u sing th e equations 
proposed bv [G roenewe gen & de Jond (1993) (see also 
iFioc & Rocca-Volmerang e ( 1996)). 

Measuring the evoluti on of the rest- frame K-band FP from 
z ~ 1 to the present. lvan derWel et alJ 12005) find the evolution 
in M/Lk to be slower than the evolution in M/Lb, as expected 
from stellar popula tions models. This study also finds the 
dust-free Mar astonl J2005I) (M05) models (which implement 
the short-duration TP-AGB phases adopting a 'fuel consump- 
tion' approach) to provide a better fit to the data than dust-free 
iBruzual & Charlotl J2003I) (BC03) models (which implement 
the TP -AGB phas es with an empirical prescription). 
Ivan der Wei et alJ ( 120051) also suggest that the models uncer- 
tainties caused by the different treatment of AGB stars can 
severely hamper the determination of z ~ 1 early-type galaxy 
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Fig. 7. Top panel: Comparison of different model predictions in 
determining photome tric-stellar masses of early-type galaxies 
at z ~ 1. PEGASE. 2 JFioc & Rocca-yolmerangel 19971) results 
are c ompared with iMarastorJ J2005t) and iBruzual & CharloJ 
J2003I) models, both with various exponen tially-declining 
SFHs (0.1 < t < lOGyr), solar metallicity and lKroupal lEoOl) 
IMF (see text). The dashed lines indicate errors of 40%. Bottom 
panel: difference between PEGASE.2 and BC03 or M05 mod- 
els mass estimates, < Alog(M phot /M Q ) >= -0.06, -0.08 dex, 
and o- A ; OS (m„„„,/m ) = 0.11, 0.17 dex, respectively 



masses from rest-frame near-IR photometry. 

We compare our photometric-stellar mass estimates based 
on CSP dust-free PEGASE.2 models with th ose obtained with 
a set of dust-free CSPs m odels built with both Maraston ( 2005 ) 
and IBruzual & Charloil J2003I) models, using exponentially- 
declining SFHs (0.1 < t < 10 Gyr), solar metallicity and 



iKrounal fcOOlh IMF. Since M05 models provide calibrated 
spectra only up to 2.5 /zm, when using M05 models, we 
limit the SED fitting range to the 4.5 //m IRAC channel. 
For our sample, we find consistent photometric-stellar mass 
estimates with CSPs PEGASE.2, M05 and BC03 models 
within typical errors of 40% (see top panel of Figure 0. The 
average difference between the photometric-stellar masses 
estimated with PEGASE.2 and BC03 or M05 model is 
< Alog(M pho ,/M e ) >= -0.06 dex and -0.08 dex respectively, 
with a standard deviation of o"Az og (M to /M s ) = 0.1 1 dex and 0.17 
dex (see bottom panel of Figure^. 

Thus, recognizing the uncertainties involved in the SED 
fitting technique and in the multiwavelength photometry, 
we find the overall difference in photometric-stellar mass 
estimates for early-type galaxies at z ~ 1 from PEGASE.2, 
BC03, M05 not to be significant. This is not surprising. 
In fact, regardless of the actual implementation of the 
TP-AGB phase in the different codes, the rest-frame K- 
band is expected to be dominated by AGB stars only for 
0.1 < TAGB/Gyr < 2.0, while we find our sample ages all 
to be much greater than 2Gyr, in agreemen t with simila r 
studi es of z ~ 1 .0 ea rly-type galax ie s ( Q matti et al. (2002), 
iFranx et ail E 
d2004l). McCarthy < 

Sara cco et ail ( I2004 . iRocca-Volmerange et alJ (l2004h") . 
These results contrast with those of Ivan der Wei et alJ yP05), 
however a direct comparison is not possible since they adopted 
Simple Stellar Population models and different estimates of 
the photometric errors (weights) on the IRAC photometry. 



6. Dynamical masses of early-type galaxies 

The central velocity dispersion measures the random motions 
of the stars averaged along the line of sight through the galaxy, 
and is known to be a good tracer of the dynamical state 
of spheroidal, non rotationally-supported, galactic systems in 
virial equilibrium. The dynamical mass of a spherical, non- 
rotat ing, isotropic mo del with a Sersic R 1 '" SB profile is given 



" i.u eariy-type gataxtes t cimaiu et at. ( zuu/ ), 
(2003 1. ICimatti et alJ |2004MGlazebrook et all 
CarthvetalJ J2004I). iFontana et alJ J2004 ) , 



by Bertin et 



tropic mod 
alJi002): 



M dyn = K v (n,R a )- 



(rlR e 



(3) 



where cr a is the velocity dispersion measured within an aper- 
ture of radius R a , and Kv(n,R a ) is the so-called 'virial coeffi- 
cient', that takes into account the differences between the virial 
and the effective radii, and between the virial and the observed 
velocity dispersions. If the galaxy SB profile is well described 
by the de Vaucouleurs law (n = 4 in the previous equation) 
and if cr a is the central velocity dispersion (measured within 
a ten th of the effec tive radius), the 'classical' value Ky - 5 
(e.g., Michard ( 1980)) is recovered. Using high signal-to-noise 
(S/N) integral field spectroscopy of a sample of early- type 
galaxies at z ~ (the S AURON project: ISacon et al.l d200ll) ), 
Cap pellari et alJ d2005l) have recently found that the above ex- 
pression with n — 4 and Ky — 5.0 + 0.1 reproduces the galaxy 
dynamical masses, closely matching the values obtained with 
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a much more accurate modelling (the so-called 'Schwarzschild 
method'). 

We use Eq. with Ky properly computed taking into ac- 
count our best-fitting values of n and R eM from the HST/ACS 
images, and the published, aperture-c orrected velo c ity dis per- 
sions (following the prescriptions of iBertin et"aD {2002) for 
apertures of radius Rj/R e „). Note that the mass computed by 
such a relation corresponds to the galaxy total mass, and it is 
appropriate both for a single component (stars only), and for 
a two-component (stars and dark matter) system, provided that 
the dark matter density d istribution parallels the stellar one (see 
lLanzoni & Ciottil J2003t) \ The values of each galaxy Ky and 
dynamical mass, Md y „(K v ) are presented in Table 1. 



Md n(Kv) = (1 §±0.4) • M p 



en 
o 




Fig. 8. Photometric-stellar vs dynamical mass differences, 
lo g(M n h n t) - log( Md v „(K v )), as a function of t he Sersic index 
n. lKroupal J200lh IMF is assumed. Adopting a lSalpeterl Jl955i) 
IMF all the logM p i wt values would constantly increase by « 0.3 
dex. This effect could be visualized by shifting the one-to-one 
line (the horizontal solid line) of 0.3 dex downward, to the po- 
sition of the dashed line. Symbols are the same as in Fig. |4] 



7. Comparing photometric-stellar and 
dynamical mass estimates 

Before discussing the direct comparison between photometric- 
stellar masses and total dynamical masses using Eq.(|3}, we 
describe some possible biases that may in principle affect both 
measurements. 

As mentioned above, using the dynamical mass estimates 
rely on the simple assumption that an early-type galaxy is 
a spherical, isotropic, non rotationally-supported galactic 
system in virial equilibrium. The presence of a rotational 
component in the form of a disk or the presence of dynamical 
galaxy-to-galaxy interaction may have an effect which is not 




12. 5 



1 2.0 - 



° 1 1.5 - 



1 1.0 



10.5 - 



10.0 - 



9.5 

9.5 10.0 10.5 11.0 11.5 12.0 12.5 
log M dyn (K v )/M 

Fig. 9. Total dynamical, Ma yn (Ky), vs. photometric-stellar, 
Mphot, mass estimates for the entire early-type galaxy sample at 
z ~ 1 . Symbols are the same as in Figure [4] The dashed lines 
indicates the 1.5-sigma clipped mean offset of -0.27 + 0.09 
dex. The red dotted-dashed line show the best fit correlation 
between dynamical mass and photometric-stellar masses (see 
text). 



easy to quantify. 

In Figure [8] we plot mass differences for our sample, 
logiMphot) - log{Md vn (KV)), against the Sersic index, n. We 
generally find the mass deviation to be larger for n < 3 
galaxies. 

The modulus of the differences of the bulgy-spiral sub-sample 
of Fig. |3 (indicated as filled red stars in Fig. |8j is larger than 
the average at any n; with dynamical masses being larger than 
photometric-stellar masses with decreasing Sersic indices. 
For these galaxies, the flattening of the SB profile reveals an 
increasing contribution of the disk component. As a result, 
their measured velocity dispersions, and thus the derived dy- 
namical mass estimates, can be biased to larger values because 
of the presence of a rotating stellar disk which is generally 
included in the spectroscopic apertures (1") at th ese redshifts. 
This tr end is also seen in recent observations by iGanda e t al. 
(2005) of local spiral-galaxies using SAURON integral field 
spectroscopy. Their measured stellar kinematic maps often 
show a central depression in the velocity dispersion, with 
velocity dispersion profiles increasing outwards. However, one 
would also expect this effect to be maximum in case of edge-on 
galaxies and to be minimum/negligible for face-on galaxies. 
In our case, this would imply that at least for the face-on 
objects CDFS-24, CDFS-26, CDFS-571 and CL1252-4, the 
measured velocity dispersion is probably slightly affected by 
the presence of a disk. 

Among the galaxies with dynamical masses significantly 
exceeding the photometric ones, we note in Fig. [H] the two 
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elliptical galaxies, CL4419 and CL4420 (filled red squares). 
These are the central Bright Cluster Galaxies (BCGs) of 
CL1252 which show signs of mutual dynamical interaction 
(see Fig. QJ. Such interactions may, in principle, introduce 
anisotropies into the motion of their stars, thus affecting the 
cr a measurements in a way that is not trivial. We also note that 
using field early-type galax ies and cluster BCGs in our study 
is justified by the results of lvan der Wei et all J20051) . who find 
that the most massive galaxies (M > lO n M ) lie on the same 
Fundamental Plane line regardless of their environments. 

Photometric stellar mass estimates may also be affected by 
systematics. First, photometric-stellar masses weakly depend 
on the assumed model of dust extinction and metallicity 
evolution. Second and more importantly, they dep e nd on 
the assumed IMF. For instanc e, by us ing a Salpeter ( 1955) 
IMF, instead of our adopted Kroupa (2001) IMF, all the 
logM p hot values would be shifted upwards by « 0.3 dex. In 
Fig. |8j this effect is shown by shifting the one-to-one line 
(the horizontal solid line) 0.3 de x downward, t o the position 
of the dashed line. Adopting a Salpete] dl955h IMF a large 
number of galaxies would have photometric stellar masses 
grea ter than the dynamica l ones ; in agreement with the studies 
of lCappellarietalJ J2005t) and iFerreras et alJ J2005i) in local 
early-type galaxies, which also favour a Kroupa (2001) IMF. 
However, it is clear that our data cannot be used to constrain 
the choice of the IMF. 

In Fig. [9] we present the direct comparison of total dy- 
namical and photometric-stellar masses. We find that, adopting 
a iKroupal J200ll) IMF, the photometric-stellar masses repro- 
duce the dynamical ones with a 1.5-sigma clipped mean off- 
set of -0.27 + 0.09 dex (dashed line). This relation implies 
Md vn (K v ) = (1.9 + 0.4) • Mphot and it is illustrated in In Fig. 
[9] Therefore, if the IMF is not varying, this first result suggests 
the presence of a 40 - 50% dark matter component beyond sev- 
eral Re, n. 

We also compute (dotted-dashed red line) the best fit relation 
for the entire sample, which yields: 

M dyn (^) = 10 ( - 2 - 4±a9 ^^f ±008) . (4) 

We note that the best-fit slope does not change if the bulge- 
dominated spirals (red stars) are excluded from the fit. We have 
also note that the relatively small error bar for the galaxy with 
logMphot < 10, does not have a significant impact on the deter- 
mination of the best-fit slope either. 

Our finding is in agreement with the picture of early-type 
galaxies, being dark matter dominated {Md m » M p i mt ) in the 
most massive systems and baryon dominated {M dyn ^ M p i lot ) in 
less massive systems, on scale of several R e . The power law in- 
dex in Eq. @ is indeed consistent with completely independent 
estimates (at 0.3 < z < 1.0) of to tal mass using strong grav- 
itational lensing by Ferrera s~et alJ ll2005t) . Accordingly, these 
authors find the dark matter dominating in massive elliptical 
galaxies while the stellar content dominates the mass budget in 
lower mass galaxies. In this context, the evolution of the dark 
matter fraction with the early-type galaxy mass has also been 



commonly invoked as a possible explanat ion of the so-called 
'tilt' of the FP (e.g JFerreras & Silkl(l2000l) ). 

8. Conclusions 

In this work, we have used photometry from 9-10 passbands 
to build accurate SEDs, covering the 0.2-4yum rest-frame 
wavelengths, of a sample of 48 early-type galaxies at z ~ 1 
with published velocity dispersions. The large wavelength 
baseline and accuracy of our photometric measurements allows 
us to compare measured stellar masses with different spectrum 
synthesis models. 

Based on our sample, which spans a limited mass range 
logMphot — [10, 11.5], corresponding to the bright end of the 
stellar mass function, M > M*, we find that photometric- 
stellar mass estimates are not strongly dependent on the choice 
of the stellar population model. Regardless of the actual 
implementation of the TP-AGB phase in the different codes, 
we find the overall difference in photometric-stellar masses of 
early-type galaxies at z ~ 1 from PEGASE.2, BC03, M05 not 
to be statistically significant (below 0.1 dex). 
We have also investigated the other inherent systematic 
uncertainties on stellar masses, such as those due to reddening 
and adopted IMF, and found them of the order 0.2-0.3 dex. 
We have then compared our photometric-stellar masses to the 
total dynamical masses as inferred from velocity dispersion 
measurements and half-light radii measured in deep HSTI 'ACS 
images. Strong deviations from Mjy„ = M p hot ma y be ascribed 
to possible biases in dynamical mass measurements, as sug- 
gested by the evidence that deviations increase for early-type 
galaxies with small disk components and/or complex mor- 
phologies, as well as in galaxies showing signs of dynamical 
interaction with close-by companions. In the other hand, 
photometric-stellar masses depend on the assumed model of 
dust extinction and metallicity evolution as well as from the 
assumed I MF. 

Assuming lKroupal J200ll) IMF, we find the photometric-stellar 
masses to reproduce the dynamical mass estimates with an 
an average offset of 0.27 dex. We note t hat the average offset 
depends on the assumed IMF, although a Salpeter ( 1955) IMF 
would produce unphysical results by implying that a large 
number of galaxies would have photometric-stellar masses 
greater than dynamical estimates. 

We also find that an increasing dark matter fraction with the 
increasing total galaxy mass may be needed to explain the 
observed trend in M dyn (K v ) °c M ( ^ ±om) . It is reassuring that 
a similar relation and slope was found in studies where the 
galaxy mass was directly derived from strong lensing models. 
The increase in Md yn /M p hot with increasing dynamical mass 
that we find is consistent with the increase of the mass-to-light 
ratio (Mjyn/L) of early type galaxies implied by FP studies. 

We conclude that the determination of photometric stellar- 
masses of massive early-type galaxies at z ~ 1 is robust against 
stellar population models, when a large wavelength baseline 
is available, and its accuracy hinges primarily on the adopted 
IMF. 

Although a clear correlation Md yn - M p h ot is found, it remains 
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difficult to use photometric masses as reliable surrogates of to- 
tal galaxy masses, or mass -to-light ratios, over a wide mass 
range. Specifically, it would be interesting to extend our study 
to less massive galaxies (M p /, 0/ < 10 I0 MO) with possibly 
younger ages, not probed by our sample. Further studies o n 
galaxy-scale lensing systems (e.g. , JKoopmans & Treul20 03)). 
with masses accurately determined by parameter free strong 
lensing models, will surely stimulate significant progress in the 
years to come. 
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Table 1. The early-type galaxy sample at z ~ 1 . IDs are from the original surveys and the reader is referred to the aforementioned 
papers for objects selection and coordinates. Zfg^Qip is the 3" aperture magnitude in the HST/ACS F850lp filter; M H is the 
rest-frame absolute magnitude obtained applying an H-band standard filter transmission function to each best-fit model; U - V is 
a rest-frame color. The magnitudes and the color are in the AB system. Only statistical errors are quoted for photometric-stellar 
masses. 



ID 



zspec z F850 i p M H U-V 



K v 







(mag) 


(mag) 






(kpc) 




CDFS-1 


1.089 


21.18 


-24.05 


1.68 


3.63±0.25 


3.17+0.12 


5.15+0.21 


CDFS-2 


0.964 


20.75 


-23.91 


1.80 


5.00±0.32 


5.45+0.21 


3.90+0.22 


CDFS-3 


1.044 


21.78 


-23.33 


1.73 


4.11±0.37 


1.07+0.05 


5.61+0.24 


CDFS-4 


0.964 


20.66 


-24.66 


1.99 


4.22±0.22 


8.42+0.53 


4.47+0.22 


CDFS-5 


0.685 


21.31 


-22.80 


1.99 


2.63±0.11 


1.79+0.09 


6.24+0.09 


CDFS-6 


0.660 


20.58 


-22.79 


1.81 


5.00±0.39 


1.81+0.18 


4.55+0.23 


CDFS-7 


1.135 


21.43 


-24.53 


1.93 


5.00±0.33 


3.18+0.34 


3.76+0.21 


CDFS-8 


1.125 


22.21 


-23.18 


1.87 


4.99±0.17 


2.07+0.18 


4.45+0.10 


CDFS-9 


1.097 


21.78 


-23.92 


1.65 


5.00±0.25 


2.08+0.10 


4.44+0.14 


CDFS-10 


1.119 


22.08 


-23.30 


1.68 


4.44±0.29 


0.62+0.05 


6.06+0.19 


CDFS-1 1 


1.096 


22.07 


-23.77 


1.96 


5.00±0.14 


2.39+0.18 


4.07+0.09 


CDFS-12 


1.123 


21.80 


-23.69 


1.85 


5.00±0.31 


1.44+0.11 


4.76+0.18 


CDFS-1 3 


0.980 


20.76 


-24.05 


1.87 


5.00±0.15 


2.58+0.24 


4.02+0.10 


CDFS-14 


0.984 


21.59 


-23.71 


1.65 


5.00±0.18 


4.80+0.54 


3.95+0.12 


CDFS-15 


0.622 


20.77 


-22.92 


1.98 


5.00±0.21 


3.53+0.22 


4.09+0.13 


CDFS-16 


0.669 


20.70 


-23.30 


1.99 


5.00±0.11 


2.85+0.31 


4.03+0.06 


CDFS-17 


0.954 


21.39 


-23.71 


1.64 


2.91±0.31 


4.65+0.13 


5.84+0.36 


CDFS-20 


1.022 


21.26 


-24.29 


1.98 


4.84±0.28 


3.50+0.08 


4.20+0.19 


CDFS-2 1 


0.735 


21.07 


-22.51 


1.63 


5.00±0.31 


1.05+0.10 


4.90+0.18 


CDFS-22 


0.735 


20.68 


-23.63 


1.71 


5.00±0.25 


5. 88+0. 31 


3.79+0.17 


CDFS-23 


1.041 


22.04 


-23.05 


1.90 


4.01±0.27 


2.74+0.22 


4.91+0.20 


CDFS-24 


1.042 


21.10 


-24.06 


1.79 


2.25±0.11 


9.13+0.35 


6.79+0.18 


CDFS-25 


0.967 


21.55 


-23.32 


1.85 


5.00±0.39 


1.20+0.23 


4.95+0.23 


CDFS-26 


1.129 


21.24 


-24.67 


1.65 


4.18±0.38 


11.17+0.64 


4.55+0.42 


CDFS-27 


1.128 


21.95 


-23.37 


1.42 


5.00±0.27 


7.84+0.45 


3.76+0.20 


CDFS-28 


0.954 


21.85 


-23.34 


1.65 


1.53±0.26 


2.29+0.21 


7.08+0.15 


CDFS-29 


1.128 


21.07 


-24.42 


1.92 


5.00±0.31 


2.39+0.13 


4.34+0.19 


CL1252-1 


0.671 


20.61 


-23.29 


1.65 


4.82±0.18 


4.27+0.54 


4.04+0.12 


CL1252-2 


0.658 


20.88 


-22.55 


1.90 


4.23±0.11 


1.23+0.07 


5.39+0.07 


CL1252-3 


0.844 


20.46 


-24.08 


1.49 


1.59+0.15 


4.75+0.37 


7.14+0.12 


CL1252-4 


0.743 


20.61 


-23.01 


1.63 


2.50±0.33 


4.37+0.27 


6.31+0.40 


CL1252-5 


0.743 


20.35 


-23.92 


1.65 


5.00±0.23 


4.91+0.31 


3.94+0.15 


CL 1252-6 


0.734 


20.68 


-23.54 


1.65 


4.89±0.26 


1.92+0.16 


4.57+0.16 


CL 1252-7 


0.753 


20.16 


-24.04 


1.57 


3.77±0.31 


2.43+0.19 


5.16+0.23 


CL1252-8 


1.069 


21.98 


-23.17 


1.68 


5.00±0.19 


2.71+0.25 


4.25+0.12 


CL1252-9 


1.036 


22.20 


-22.92 


1.57 


4.24±0.29 


1.42+0.06 


5.24+0.19 


CDFS-369 


0.894 


22.31 


-21.64 


1.35 


1.85+0.39 


0.84+0.05 


7.36+0.20 


CDFS-467 


0.895 


21.54 


-22.92 


1.68 


3.45±0.39 


1.52+0.10 


5.72+0.28 


CDFS-532 


1.215 


22.13 


-23.67 


1.68 


2.04±0.33 


1.41+0.10 


6.82+0.23 


CDFS-547 


1.222 


22.03 


-23.19 


1.50 


1.90+0.31 


0.74+0.04 


7.50+0.16 


CDFS-571 


0.955 


21.22 


-23.79 


1.57 


5.00±0.15 


6.81+0.48 


3.83+0.11 


CDFS-590 


1.222 


22.71 


-23.08 


1.73 


4.99±0.25 


4.09+0.52 


4.03+0.16 


CDFS-633 


1.096 


21.04 


-24.77 


1.96 


4.78±0.21 


6.66+0.12 


4.00+0.16 


CDFS-354 


0.667 


21.09 


-22.84 


1.65 


3.58±0.28 


3.08+0.12 


5.20+0.24 


CL1252-6106 


1.235 


21.40 


-24.56 


1.79 


3.38±0.20 


2.76+0.35 


5.42+0.17 


CL 1252-9077 


1.241 


22.06 


-23.44 


1.50 


2.36±0.21 


3.15+0.11 


6.38+0.23 


CL1252-4419 


1.238 


21.32 


-24.54 


1.81 


1.86+0.10 


8.56+0.84 


7.72+0.12 


CL1252-4420 


1.234 


21.37 


-24.68 


1.86 


4.68+0.36 


9.82+0.77 


4.07+0.32 



0-0 
(km/s) 



log' 



"phot 



231+ 15 
200+9 
300+ 30 
336+ 18 
194+ 15 
208+9 
232+ 19 
253+ 70 
215+45 
275+ 49 
208+ 33 
262+ 20 
247+ 10 
197+ 21 
317+ 21 
262+ 36 
305+ 31 
199+ 15 
149+8 
225+ 11 
70+ 15 
210+ 16 
258+ 18 
249+ 25 
135+30 
445+ 84 
221+ 17 
219+ 12 
216+6 
166+7 
202+8 
251+9 
211+5 
213+5 
63+ 13 
102+ 16 
119+ 21 
140+ 18 
260+ 30 
256+ 28 
182+ 21 
119+ 49 
260+ 23 
99+ 19 
294+ 10 
130+ 14 
302+ 24 
323+ 21 



11.31+0.08 
11.30+0.07 
11.10+0.11 
11.99+0.09 
10.99+0.09 
10.92+0.09 
11.18+0.12 
11.14+0.22 
11.00+0.18 
10.82+0.17 
10.99+0.15 
11.04+0.10 
11.17+0.08 
11.23+0.13 
11.53+0.09 
11.26+0.15 
11.77+0.11 
11.13+0.09 
10.42+0.09 
11.42+0.08 
10.18+0.19 
11.80+0.09 
10.96+0.14 
11.86+0.13 
11.10+0.19 
11.87+0.17 
11.07+0.10 
11.28+0.10 
10.86+0.05 
11.34+0.07 
11.42+0.08 
11.45+0.07 
10.96+0.07 
11.12+0.07 
10.03+0.19 
10.25+0.14 
10.31+0.16 
10.60+0.14 
11.18+0.13 
10.93+0.11 
11.30+0.12 
10.73+0.30 
11.62+0.09 
10.56+0.17 
11.48+0.09 
10.90+0.11 
12.15+0.10 
11.99+0.11 



10.99+0.15 
11.12+0.05 
10.78+0.30 
11.44+0.15 
10.69+0.05 
10.67+0.05 
11.26+0.05 
10.86+0.30 
10.96+0.25 
10.69+0.20 
11.00+0.15 
11.02+0.30 
11.21+0.20 
10.96+0.05 
10.70+0.10 
10.89+0.05 
10.96+0.05 
11.25+0.10 
10.35+0.05 
10.95+0.05 
10.86+0.30 
11.13+0.05 
10.87+0.15 
11.26+0.10 
10.57+0.10 
10.81+0.05 
11.46+0.05 
10.71+0.05 
10.66+0.30 
10.92+0.05 
10.55+0.05 
10.96+0.05 
10.81+0.05 
10.97+0.05 
10.64+0.05 
10.52+0.05 
9.92+0.05 
10.54+0.15 
10.84+0.25 
10.56+0.15 
10.87+0.05 
10.68+0.35 
11.40+0.15 
10.61+0.05 
11.33+0.05 
10.66+0.15 
11.37+0.05 
11.47+0.05 



